
G WATER AND USABLE BRINE CONCENTRATE 
FROM DOMESTIC SEWAGE 



This application claims priority under 35 U.S.C. § 1 19 (e) to U.S. provisional patent 
application no. 60/243,545, filed October 25, 2000, which is hereby incorporated by 
reference in its entirety. 

Brief Description of the Invention 
The present invention relates generally to treatment of sewage. More particularly, 
the present invention relates to a method of reclaiming water and usable and safely 
disposable brine concentrate from domestic sewage. 



25 A household water supply usually contains several hundred milligrams per liter 

(mg/L) of minerals in the form of cations (e.g., sodium, magnesium and calcium, etc.) and 
anions (e.g., chloride, sulfate and bicarbonate, etc.). Subjected to the multiple uses in a 
home, the used water becomes a suspension of bathroom and kitchen wastes along with 
laundry wastes and cleaning compounds of multiple origins. Solvents, pigments, and 

2Q pesticides are often disposed "down the drain." In addition to these substances, the used 
water also contain microgram amounts of several minerals (e.g., copper, cadmium, zinc, 
nickel, lead, chromium and iron) dissolved from household utensils, from copper and 
galvanized pipes and from lead and solder in the plumbing of older homes and apartment 
buildings. Domestic sewage will also contain minute, but increasing amounts, of 

25 antibiotics, hormones, and other health-related substances stemming from the growing 
medical and pharmaceutical industries. 

In the prior art, domestic sewage can be reclaimed by using an activated sludge 
secondary treatment process followed by a microfiltration process and a reverse osmosis 

30 (RO) process. Water reclaimed by these prior art methods may re-enter the household water 
supply to be reused. Among these prior art processes, the reverse osmosis process is 
particularly important because it removes salt increment (i.e., the increase in total dissolved 
solids concentration associated with each use) from the treated water. Removal of salt 
increment is key for the sustainability of any multiple-pass water reuse scheme. If these 

35 added salts are not removed prior to reuse, the dissolved solids concentration of the 

reclaimed water will steadily increase, reducing reuse options. The reverse osmosis process 
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is also important because it removes heavy metal ions from the reclaimed water and 
prevents heavy metal ions from re-entering the household water supply. 

One problem of the prior art activated sludge/microfiltration/RO process is that it is 
costly. It has been estimated that a prior art activated sludge/microfiltration/reverse osmosis 
5 process uses more than 900 kWh of energy and costs more than U.S. $ 1200 to reclaim one 
million liters of sewage. Another problem of the prior art process is that heavy metals in the 
sewage will become highly concentrated along with other ions in the brine. The resultant 
high concentration of heavy metals adds to the hazards and costs of brine disposal. 

2 o In view of the foregoing, there exists a need for a wastewater treatment and 

reclamation process that is energy and cost effective. 

Summary of the Invention 
The present invention provides a process of treating and reclaiming wastewater that 
15 is cost-effective. In addition, the end products of the reclamation process do not contain any 
toxic chemicals. Indeed, the end products of the reclamation process may be used in an 
economically and commercially beneficial way to help lower the cost of wastewater 
reclamation. 

2o According to one embodiment of the invention, the treatment and reclamation 

process includes an intensely anaerobic methane producing process followed by a highly 
aerobic algal-based waste oxidation process, a Dissolved Air Flotation (DAF) process, a 
Slow Sand Filtration (SSF) and/or other filtration process (e.g., microfiltration, 
nanofiltration, ultrafiltration, etc.), a disinfection process and finally a Reverse Osmosis 

25 P roc ess. The anaerobic process precipitates most heavy metals as metal sulfides, and 

the aerobic algal-based wastewater treatment process entails the use of algae to adsorb the 
remaining heavy metals. The DAF process removes suspended solids and algae from the 
treated sewage. The SSF process ensures that substantially all suspended solids and 
microorganisms are removed from the treated sewage. The disinfection process eliminates 

30 microorganisms that are not already filtered out. Finally, the reverse osmosis process 

removes the remaining dissolved solids from the treated sewage to produce permeate water 
and a high salinity concentrate (e.g., brine). The permeate water is potable and the high 
salinity concentrate is substantially free of heavy metal ions. Preferably, the high salinity 
concentrate is used to cultivate halophilic algae, such as Dunaliella, which have a high 

35 commercial value. Thus the present invention provides for a method of reclaiming both 
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water and high salinity concentrate from sewage. The present invention can also be used to 
reclaim other types of wastewater. 

In furtherance of the present embodiment, the wastewater treatment and reclamation 
process removes calcium hardness from the sewage. Removal of calcium hardness 
5 "softens" water and minimizes the pretreatment required prior to reverse osmosis thus 
extending the useful life of the membranes used in the reverse osmosis process. 

Brief De scription of the Drawing 
Aspects of the present invention will be more readily apparent from the following 
10 description and appended claims when taken in conjunction with the accompanying 
drawing, in which: 

Fig. 1 is a block diagram illustrating a wastewater treatment process according to 
one embodiment of the present invention. 
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Description of the Preferred EmhoHWntg 
Fig. 1 is a block diagram illustrating the key steps of a wastewater treatment process 
100 m accordance with one embodiment of the present invention. Some steps of the 
wastewater treatment process 100 are preferably carried out at an Advanced Integrated 
Wastewater Pond Systems® Facility 1 10. It should be noted herein that Advanced 
Integrated Wastewater Pond Systems® and AIWPS® are registered trademarks of Oswald 
Green, LLC of Concord, California, United States of America. An AIWPS® Facility is 
presently located at the Environmental Engineering and Health Sciences Laboratory of the 
University of California at Berkeley, in Richmond, California, United States of America. 

With reference to Fig. 1, raw sewage first passes through a metering, screening and 
degnthng station 102 where large and non-biodegradable solids are removed for separate 
disposal. The large and non-biodegradable solids are typically disposed by burial. 

The sewage is then introduced into one or more five to six meter deep isolated 
fermentation cells 113 (sometimes called In-Pond Digesters when methane-rich biogas is 
collected), which in the present embodiment are constructed at the bottom of a primary 
facultative pond 1 12 and which are designed for optimal sedimentation and methane 
fermentation ofsettleable organic solids. According to the present embodiment the 
fermentation cells 1 13 are protected on all sides by berms or walls that prevent intrusion of 
any oxygen-containing water. Under their high organic loading and with oxygen prevented 
from intruding, the fermentation cells 113 become extremely anaerobic, fostering the 
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growth of archaea and sulfate-reducing organisms (e.g., facultative heterotrophs) that 
release sulfides. The released sulfides quickly combine with the multivalent metal ions in 
the sewage to form metal sulfides, which are insoluble. By passing all incoming sewage 
through such fermentation cells 1 13, most metal ions combine with sulfides and are 
precipitated to remain within the sludge of the fermentation cells indefinitely. Metal ions 

5 that may be present in the sewage may include copper, cadmium, zinc, nickel lead 

chromium, and iron. With the exception of copper ions, which are sometimes monovalent 
these metal ions are multivalent and readily combine with sulfides released by the sulfate- ' 
reducing microorganisms. Fermentation cells and the methane fermentation process are 
described m greater detail in co-pending United States patent application entitled, "Method 

10 and Apparatus to Establish and Optimize Sedimentation and Methane Fermentation in 

Primary Wastewater Ponds" bearing application serial number 09/552,576, which is hereby 
incorporated by reference in its entirety. 

Because the primary anaerobic digestion process is designed to permit complete 
15 sludge digestion, very little solid residue remains in the fermentation cells 1 13 and sludge 
removal is only required after several decades. Preferably, sewage injected into the bottom 
of the fermentation cells has an overflow rate that is lower than the settling velocity of most 
particles (and parasite eggs) so that most of the particles remain in the fermentation cells 
until digested. Gases emitted from the fermentation cell are mainly methane (CH 4 ) and 
20 nitrogen (NJ with very little C0 2 . If in sufficient amounts, the methane-rich biogas can be 
captured and utilized to generate electricity. Where the amount of methane is insufficient to 
justify power generation, the methane is preferably flared to minimize its very substantial 
greenhouse effect or global warming potential. 

25 With reference still to Fig. 1, sewage rising from the fermentation cells 1 13 enters a 

broad zone of semi aerobic water with highly aerobic water near or at its surface. This 
reactor is called a primary facultative pond or an Advanced Facultative Pond (AFP) 1 12 
An aerobic condition at the surface of the AFP 1 12 is assured by adjusting the organic load 
to the rate at which algae in the surface can produce oxygen together with the amount of 

30 oxygenated water that is recycled to the AFP 1 12 from the next pond of the sequence the 
High Rate Pond 1 14, which in the present embodiment is a shallow, aerobic, paddle-wheel- 
mixed, raceway pond. In rare instances of intensely cloudy weather, injection type aerators 
floating in the AFP 1 12 can be activated to supplement dissolved oxygen concentrations 
near the surface of the AFP 1 12 to mitigate odor release. 
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With reference still to Fig. 1, the High Rate Pond (HRP) 1 14 is designed as an 
endless raceway that fosters growth of many species of green microalgae (e.g., Chlorella, 
Scenedesmus, Micractinium, etc.) that split water and release Oxygen radicals that combine 
to become 0 2 , dissolved oxygen (DO). The green microalgae, which are fast-growing and 
carry a strong negative charge on their surfaces, are used for adsorbing metal ions that 
5 escaped precipitation in the fermentation cells 1 13. Accordingly, by recirculating pond 
water containing young, fast-growing algae to the surface of the AFP 1 12, there is an 
opportunity for metals not removed in the fermentation cells 1 1 3 to be adsorbed and 
removed from the sewage flow together with the algae that settle to the bottom of the AFP 
1 12. A fraction of the microalgae culture in the HRP 1 14 is recirculated to the upwind 
10 surface of the AFP 1 12 in order to transfer oxygen-producing and metal-adsorbing algae to 
the AFP 112. 

When the HRP 1 14 is continuously gently mixed with a paddle wheel, some algae 
may grow large enough or become flocculated and may tend to settle to the bottom of an 

15 Algae Settling Pond (ASP) 116. Algae removed by natural sedimentation concentrate to 
about 3 % solids at the bottom of the ASP 1 16. If the supernatant liquid is decanted, the 
remaining algal separation may be used as animal feed after pasteurization or as fertilizer 
after sufficient storage time to permit natural die away of any associated pathogenic 
bacteria. It is virtually impossible for parasite ova that may be in the original sewage to 

20 reach this stage of the process. 

If natural algal separation is insufficient to meet government standards for 
suspended solids, the effluent from the ASP 1 16 can be subjected to Dissolved Air 
Flotation. In the present embodiment, the ASP effluent is coagulated, and most of the 

25 suspended solids are removed with a Dissolved Air Flotation (DAF) unit 118. The DAF 
process is used because of its effectiveness in removing algal suspended solids and its 
ability to produce an algal float with low water content. In one implementation, the DAF 
unit 1 18 has a volume of 450 L and is operated at 1 14 L/min for 4 to 5 hours daily. The 
DAF effluent produced during these runs filled two 15,000-L storage tanks. Flocculation 

30 and coagulation in the DAF unit 1 18 can be enhanced by the use of ferric chloride (FeCl 3 ) 
aluminum sulfate, or cationic polymers that are "Generally Recognized as Safe" (GRAS) for 
animal feed by the U.S. Department of Agriculture. Coagulants are dosed into the 5.1 -cm 
diameter ASP effluent pipe 20 m upstream of the DAF unit 1 1 8, allowing for approximately 
20 seconds of mixing. According to the present embodiment, ferric chloride is used 
35 because it provides a high level of turbidity and solids removal per unit chemical cost m 
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one specific embodiment, ferric chloride is dosed at 44 iWL as FrfM a ■ «. * 
horn of operation and a, 66 mg/L thereafter. ' ™ 8 *" *" 730 

fflUen ' m S, ° ra * e 'a* 5 120 » stable for irrigation purposes. 

further .fT? 10 PreSen ' emb0dimei »- te maturation pond 120 is 

further subjected treatment by two Slow Sand Filtration uml s ,22 .u 1, 

■n^ementatton, the SSF units ,22 are constructed from two 3.05-m diam .^2 . ml 
, 0 —tabd polyethylene tanks, tilied , 0 a depth of one meter with flC^ a ^ 
base grave, layer was 30 cm of ,.9- to 1.25-cm round gravel topped by a 25 cmt f 
^vel. Tbese gmve, .ayers covered a new, of 7 ,I ^^Z^ AT ^ 
perforated drain pipe. The grave, iayers were men covered wim a 46«mC *3 0 mes h 
water fi.ter sand. After ,80 hours of system opemHon. ,aycrs J^l^T" 
15 wereinsta ed on too of the sanH tulfu- ... geotextile fabnc 

filter cleanings, is preferably Amoco Stv1<. 4< i -> „ "erween 
geotextile Thp f k ' • yAm0C0Style 4512 ' a nonwoven polypropylene felted 
geotextile The fabnc ,s 3.3 mm thick and has a specific surface area of ,6 424 m W a„H 

■aye- of fabnc for me remamder of me test period. The SSF units 1 22 are operated in 

meters (measured from the bottom of the tank) should be maintained in the SSFsWh * 
combined flow through me filters dropped be,ow nineteen liters per rime I fi,, 

I» TVT emb0di,ne, "• *" diStofeCa<> '' "* 124 " - ^'-Degrem^r 
9 ter per mmute flow used, me minimum dose dehvered by the L, is 240 mW/t' 

Z£? T t0 water wWch «— «» » "O-.oTwcm* 

30 disinfection dose recommended by me Califorma Department of Health Services Th7 
effluent from me disinfection mm m^M^^^ZZ,^ m 
*e present embodiment, the disinfected ouaterr^ reclaimed wastewaters^ 
«nngen, government recycled/reclaimed water standards tha, are pj^~ 
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Osmosis^r'tlT' ^ diSinfeC ' i0n »* 124 " >— • ^erse 

Osmosis urn, ,26. In the present embodiment, the RO unit ,26 inches the Mowing 
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pretreatment processes: chlorine disinfection, pH adjustment, coagulation, rapid sand 
filtration, 50-micron cartridge filtration, 5-micron cartridge filtration, dechlorination and 
antiscalant addition. Pretreatment chemicals are added via adjustable metering pumps at 
various dose points. The effectiveness of this pretreatment can be measured by the Silt 
Density Index (SDI) test (ASTM, 2000). Before bringing the RO membranes online, 
5 operators can perform pretreatment testing to ensure a feedwater SDI of consistently less 
than 5.0. 

The rapid sand filter of the RO Unit 126 consists of a 650-liter steel tank filled with 
sihca sand and anthracite media. The rapid sand filter is operated with an influent pressure 
10 of 3.5 to 4.0 bar and with head losses up to 1.5 bar. The filter is backwashed when the head 
loss reaches 1 .5 bar. 

With reference still to Fig. 1, the RO unit 126 has a 1-1 membrane vessel 
configuration with three membrane elements in each membrane vessel. The elements are 
15 preferably Koch/Fluid Systems 4820HR Spiral Wound Thin Film Composite membranes 
The membranes are operated at a feed pressure of 9 to 11 bar. RO membrane fouling rate is 
calculated from measurements taken by flow and pressure instruments on the RO skid The 
water permeation coefficient, A, can be calculated using the NORMPRO software provided 
by Koch/Fluid Systems. 

20 

To understand the operation of the Reverse Osmosis unit 126, imagine two columns 
containing liquid and interconnected with a semipermeable membrane separating the 
liquids. If one liquid contains more minerals than the other, the natural force referred to as 
osmosis would cause the liquid containing less minerals to migrate through the membrane 
25 into the column with the most minerals. This natural process can be reversed by applying 
pressure to the column with the most minerals causing its liquid to be forced through the 
membrane leaving the mineral ions behind. If the membrane is sufficiently impermeable to 
mineral ions, the permeate or water in the low mineral side of the membrane will be 
deionized, and the water in the high mineral side will become a more and more concentrated 
30 brine. In a continuous process the ratio of the volume of permeate to volume of brine may 
be called the concentration factor which is commonly on the order of 10 or 20 permeate to 1 
of brine. 

In furtherance of the present embodiment, two products are generated by the RO unit 
35 126: pure water and a high-salinity concentrate containing concentrated minerals and 

possibly small amounts of any soluble organic matter in the water presented to the RO unit 
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126. Preferably, the RO Unit 126 is an Expertise S.r.l. Reverse Osmosis Unit, which can be 
obtained from Expertise S.r.l. of Milan, Italy. 

In the prior art, when large volumes of water are being deionized by a RO unit, 
disposal of the high-salinity concentrate is usually a problem because it contains high 

5 concentration of toxic heavy metals such as cadmium or lead, which are closely regulated 
by governmental agencies in the United States and in many other countries. This problem, 
however, is not present in the present invention, which is designed to remove and 
concentrate heavy metals in the inert sludge of the fermentation cells. The brine produced 
by the Reverse Osmosis Unit 126 is thus free of heavy metals and is more suitable for reuse 

IQ or disposal. 

Note that the permeate or product water should be pure and low in mineral content. 
Also note that the wastewater treatment and reclamation process of the present embodiment 
entails primary treatment (removal of settleable solids), secondary treatment (oxidation of 

15 dissolved organics), tertiary treatment (removal of major nutrients such as carbon, nitrogen, 
and phosphorus compounds), quaternary treatment (removal of organic and inorganic toxic 
compounds and heavy metals) and quinary treatment (removal of salt) of the wastewater. 
Because of the low cost of the primary treatment, the secondary treatment, the tertiary 
treatment, and the quaternary treatment, the present embodiment is significantly less 

20 expensive than prior art wastewater treatment and reclamation processes. In one study 

carried out by members of the Environmental Engineering and Health Sciences Laboratory 
of the University of California at Berkeley, it has been shown that the wastewater 
reclamation process according to the present invention consumes less than 500 kWh of 
power and costs less than U.S. $ 700 to reclaim one million liters of sewage. A detailed 

25 cost analysis can be found in the above referenced provisional patent application. 

Another advantage of the present invention is that, because of the removal of most 
heavy metals in the AFP 1 12 and in the fermentation cells 1 13, the high-salinity concentrate 
produced by the Reverse Osmosis Unit 126 is substantially free of heavy metal ions and is 
30 thus suitable for cultivation and growth of halophilic algae such as Dunaliella. As 

illustrated in Fig. 1, the high salinity concentrate is provided to a Halophilic Algae Growth 
Unit 128 where halophilic algae are cultivated. In the present embodiment, the Halophic 
Algae Growth Unit 128 is a High-Rate Pond (e.g., a shallow, aerobic, paddle-wheel-mixed 
raceway pond). 
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Dunaliella are microscopic motile green halophilic marine algae that have proved to 
be a valuable commercial aquaculture product. Dunaliella are valuable because they are 
rich in neutral and polar lipids and in fatty acids. A major neutral lipid is beta-carotene 
which may constitute up to 8 % of a Dunaliella cell's wet weight and is presently valued at 
more than $500 per kilogram. Polar lipids include monogalactsylglycerol and several other 

5 glyserols. Fatty acids include palmitic and 3-transhexadecaonic among others. Beta- 
carotene is recognized as a metabolic deterrent to cancer because of its ability to quench or 
absorb free radicals. Free radicals are known to damage DNA replication, interfere with 
apoptosis and hence increase the probability of cancer inception. The glycerols are 
synthesized by Dunaliella to maintain an osmotic balance with the external medium which 

! 0 may be several times as concentrated as sea water. When marine algae are consumed by 
fish and krill their fatty acids are converted to Omega -3 long chain fatty acids now known 
to be essential for healthy brain development and maintenance. 

Yet another advantage of the present invention is that the sewage wastewater is 
! 5 "softened" before reverse osmosis. Algae, growing in shallow High Rate Ponds 1 1 4, use 
bicarbonate ions as their source of carbon, and thus shift the equilibrium pH toward that at 
which carbonate forms and combines with calcium resulting in precipitation and 
sedimentation of CaC0 3 . Removal of CaC0 3 "softens" water and minimizes the 
pretreatment required prior to RO thus extending the useful life of the RO membranes. This 
20 further lowers the operational costs of the wastewater treatment process. 

While the present invention has been described with reference to a specific 
embodiment, the description is illustrative of the invention and is not to be construed as 
limiting the invention. Various modifications may occur to those skilled in the art without 
25 departing from the spirit and scope of the invention. 
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